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INTRODUCTION

D.I. Mendeleev not only substantiated the dependence of the chemical properties of
elements on their mass number (A), but also predicted that «atoms of simple bodies are complex creatures formed by the addition of some even smaller parts» and «the periodic law does not threaten the future with destruction, but only superstructures and the development of being promised» [1] . With the discovery of the nuclear-electronic structure of the atom, the number A in the periodic law was replaced by the charge of the nucleus or the number of protons (electrons) in the nucleus (Z). The number Z determines the atomic number in the periodic system of Mendeleyev. Due to the monotonicity of the changes in A and Z, they could not be directly related to the periodicity of the properties of the elements. This problem was solved only with the use of the formalism of quantum mechanics and the experimental data of atomic spectroscopy. The rules for quantizing the energy and population of electronic levels, as well as the concept of electronic orbitals and shells, have made it possible to relate the chemical properties of substances to the physical properties of the electronic structures of atoms and molecules. In this case, the periodicity of the properties of the elements was explained by the repetition of the scheme of constructing their external electron shell through certain periods in a sequence of numbers Z (Fig. 1 ).
The stability of the space-energy hierarchy of electron shells of an atom is due to the interaction between the nucleus and electrons. Moreover, taking into account the order of the ratio of the masses of the electron and the proton (~10 -3 ), we can conditionally assume that electrons label their orbitals with the lines of force of the atom's own electromagnetic field. The effect of the charge of the nucleus, its spin, and the magnetic moment on the shape and energy of this field is particularly clearly manifested in elements with small values of the number Z.
For example, the spin of a proton in a hydrogen atom largely determines the physicochemical properties of water [2, 3] . The influence of the nucleus on the electronic levels of atoms manifests itself on their optical properties, which makes it possible to determine the nuclear spin, its magnetic and quadrupole moments, and the charge radius (re) [4, 5] .
With all the obvious involvement of nuclei in the formation of electronic configurations of atoms, the dependence of their physical and chemical properties on the structure of nuclei in atomic physics is not taken into account. Guided by the laws of dialectics and using the rules of quantum mechanics, the author developed an algorithm for constructing and calculating the vortex model of the structures of elementary particles and nuclei [6] [7] [8] . Reliable experimental data in the algorithm play the role of boundary conditions. Thus, the vortex structures of the neutron, proton, and electron in the ground and excited states were calculated. In this paper, the algorithm was used to calculate the vortex structures of stable and unstable isotopes of elements with Z from 1 to 37 in order to reveal correlations between the parameters of the nuclear structure and the physicochemical properties of the elements. A number of elements with Z from 1 to 37 include almost all macro and trace elements, the properties of which caused the emergence, and then the development of the terrestrial biosphere. In addition, this series of elements is sufficient to illustrate Mendeleyev's periodic law (Fig. 1) .
MATERIALS AND METHODS
Data were calculated for the mass (m), the charge (q), the spin (S), the magnetic (μ), and the quadrupole moment (Q) of the nuclei from [9] . When choosing the optimal structure of the nucleus, the Q-sign was taken into account. In the formation of the magnetic-mass skeleton of the nuclear structure, three toroidal vortices-the spherical shell (Sh) and two annular vortices that are located inside (In) and outside (Ex) shells (Fig. 2 ). With these vortices, the electromagnetic energy flows forming the Kelvin oval and responsible for the electrical characteristics of the core are dynamically associated [7, 8] . In Figure 2a , the Kelvin oval is indicated by a dashed line.
The thickness of the shell layer and the proper radius of the rings were considered much smaller than their radii (r) and assumed rin = rsh. The rules for assembling Sh, In and Ex from initial chiral vortices (energy forms, further -EF) are described in [6] [7] [8] . The nuclear structure included a system of embedded closed shells (CSH) formed from correlated pairs of protons pp*, further -(pp) and neutrons nn*, further -(nn) with inverse spins. The momentum (Li) of the nucleon elements in such pairs was zero, and the electric charge (qi) was summed. For CSH, rex = rsh was assumed. CSH had zero S and μ, and r was determined only by the quantum number (k), which depended on Z, but did not depend on the number of pairs. The outer open shells (OSH) of the nucleus (Fig. 2a) (Fig. 2) . Correspondingly, the value of cosφ equal to the ratio of the projection Li to the z-axis ( ) to ( ) was then less than or greater than cos45 ≈ 0.76. When establishing the type of outer shell, the values of the separation energies of the first n or p from the nuclei were taken into account, determined by the mass defects (see Table   1 ). The qualitative consistency between the type of shell and the values of the energies served as an additional criterion in the choice of the nuclear structure model. Table 1 Типы и энергия отделения нуклонов от внешних оболочек The parameters of the CSH and OSH structure were calculated by solving the systems of equations (1) . We note that in the structure of the In and Ex nuclei, the orbitals of p are interchanged. Equations (1) - (3), (5) - (7) 
The condensation of two quadruples [(nn)(pp)] forms the unstable structure of the doubly "magic" isotope Be8*, which decays after ~10 −17 s into two α-particles. Taking this into account, formula (10) 
It is known [10] that r_e differed not more than 1-2% in Ca isotopes and transition metals, and r_e of Zn isotopes was larger than r_e of Ca isotopes by ~ 12%. Taking these data into account, the selection of k in formulas (11) - (14) series for the Ca40-Se80 series were taken in the formula (13) . In this case, the number knn in formula (11) increased as the number of (nn) pairs in CSH increased and, beginning with Ge70, knn = 9 was taken. In these cases, the shell of the (nn) -type became external.
For example, we show the scheme for calculating the OSH (2n + p) -type for the nucleus Solving these equations, taking into account conditions (6) - (9) for m = 3m_N, we obtained the CSH parameters for Cl35 (see Table 2 ). When calculating parameters, the tabular values were rounded to the second decimal point and the kernel parameters were calculated with the same accuracy.
RESULTS AND DISCUSSION
The results of calculations of 129 stable and unstable isotopes of elements with Z from 1 to 37 are given in Table 2 . In this case, the total number of variants of structural calculations exceeded 260, that is, on average, each calculation was duplicated and a variant was chosen that best suited the experimental data.
The dependence of or ℎ (in the case < ℎ ) on Z is in good agreement with the empirical dependence 〖 = 0 1/3 for 1,2 < r0 <1,5 [5] (Fig. 3) (Fig. 2) , and ℎ can be smaller than , especially for OSH. Fig. 3 . Dependence on the mass number A of the radii of the vortex structure of the nucleus (1) and the empirical dependence 0 1/3 c 0 =1,2 (2) and 1,5 (3). Note: *) -the designation of unstable isotopes; 1) the values 1 − 2 refer to the radii and , respectively.
It should be noted that the estimates of depend on the theoretical model of the charge distribution in the nucleus and the mechanism of interaction of the probing particles with the nucleus [5] . As a rule, a model is used in which the charge density decreases from one to zero exponentially in the surface layer of the nucleus with a thickness t ~ 2.3 Fm (Fig. 4) . This layer can be correlated with the EF flows forming the Kelvin oval. The charge distribution in OSH with the outer Ex was similar to the charge distribution in n [8, 15] (Fig. 4) .
The Kelvin oval is formed mainly by EF flows generated by external OSH and CSH.
These flows, in conjunction with the flows of internal CSF EFs, bind the vortex structure of the nucleus into a single whole, that is, they play the role of nuclear forces. Outside the Kelvin oval at distances greater than ~ 2 , the effect of its fluxes on the external medium's EP is manifested by the power lines of the electric field of the nucleus. It can be assumed that the configurations of this field will be sensitive to the types of external OSH and CSH and this will affect the energy and shape of the electron orbitals of the atom. [11] . The thickness of the surface layer is t ~ 2.4 fm.
The proposed structure of external OSH and CSH correlates with the energy of separation of n and p from the nucleus, as evidenced by the data in Table. 1. In addition, calculations of the size and sign of the quadrupole moment of the outer shell allow modeling the dynamics and shape of the Kelvin oval.
It is obvious that these characteristics of the nucleus influence the geometry of its electric field, and hence the configuration of the electron shells of the atom, on which their chemical properties depend. Indeed, a comparison of the sizes of nuclei and atoms showed a correlation for the elements at the beginning and end of the periods in the Z sequence (Fig. 5) . 2. It is shown that the structure and type of the outer shell of the nucleus basically determine: the energy of detachment of the first nucleon from the nucleus, its spin, magnetic moment, shape and size.
3. Rules for the formation of the outer shell of the nucleus, taking into account the empirical characteristics of the nuclei as boundary conditions, made it possible to calculate the frequency of the shell spin, the mass distribution, and the radius.
